Briefly, 40 g of Fe(NO3)3 9 H2O was dissolved in 500 mL of Milli-Q water, and 310-320 mL of 1 M potassium hydroxide (KOH) was added to bring the pH to between 7 and 8. Additional KOH was then added to bring the volume up to 1000 mL while maintaining the pH at ~7.5. The slurry was stirred vigorously and centrifuged at 3000 rpm for 10 min (5810R Eppendorf, Hamburg, Germany). The separated residue (i.e., ferrihydrite solid) was washed more than three times with Milli-Q water to remove excess electrolyte and then freeze dried (Labconco freeze dryer, Kansas City, MO). The prepared iron-oxide was characterized using an X-ray diffractometer (Philips X-Ray diffractometer, Mahwah, NJ) equipped with a theta compensating slit and curved crystal graphite monochromator. The X-ray diffraction measurements were taken using Cu Kα radiation and were step scanned at a speed of 2 2θ per minute. The energy potential was 35 kV and the amperage was 20 mA. The surface area of the synthesized Fh was determined using the five-point Brunauer-Emmett-Teller (BET) method (Brunauer et al., 1938 ) of N2 gas adsorption. Prior to surface area determination, the sample was degassed at 110C for 2 h in flowing dry N2.
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The additional 30 d of influent delivery was done using the same flow conditions as for the 60-d period of influent delivery (i.e., influent delivered bottom-up at a constant flux of 3.36 cm d -1 ), but no attempt was made to resaturate the columns prior to the resumption of influent delivery. Once delivery resumed, it took approximately 1.5 d to resaturate the soil material and achieve steady-state flow. Effluent samples were collected every day and analyzed for Se and As.
Analysis of FGD WW, raw water, and effluent
The concentration of total dissolved As in the FGD WW, raw water, and effluent samples was measured by using a graphite tube atomizer (GTA 120 Varian, Inc.) equipped with an AA 240 Zeeman Atomic Absorption Spectrometer. The method of standard addition was followed and a 500 mg L 1 palladium (Pd) modifier was used to enhance the As absorbance signal. Total dissolved Se was quantified using the method described in Galkaduwa et al. (2017) . A blank (acidified Milli-Q water only), NIST 1643e "Trace Elements in Water" SRM, and randomly spiked samples were analyzed for quality assurance/quality control (QA/QC). Recoveries were 98-104% for the NIST sample and 91-97% for the spiked samples. An inductively coupled plasma optical emission spectrometer (720 ES Varian, Inc.) was used to determine the total dissolved Fe and other constituents, including Mg, B, K, Ca, Na, and S. Recoveries of these elements for the NIST and spiked samples were 100-114% and 95-98%, respectively. The unacidified water samples were filtered through chemically-inert 0.2-µm nylon syringe filters (Environmental Express, Inc.) and analyzed for anions using an ion chromatograph (ICS-1000, Dionex Corp.). Those anions included fluoride, chloride, nitrate, and sulfate. Results from QA/QC analyses yielded recoveries of 84-99%.
Calculation of saturation indices
Saturation indices were calculated for FeSO4 and yukonite precipitates. The activity coefficients were calculated using the Davies Equation (Essington, 2015) . The ionic strength of the solution was estimated using electrical conductivity and the ionic activity products (IAPs) were then calculated for the two precipitates. The solubility product constant (Ksp) for FeSO4 was taken to be -2.209 (Lindsay, 1979) and the Ksp value for yukonite was taken to be -111 (Mahoney, 2015) at 25°C. The saturation index of each precipitate was calculated as the difference between log(IAP) and log(Ksp).
Total elemental analysis of soil
Total elemental concentrations of the original soil material and the soil from column sections were determined by following method USEPA-3051A (USEPA, 2007) . Briefly, airdried soil was finely ground with an agate mortar and pestle. Then, 0.5 g of this material was digested with 10 mL of trace-metal grade concentrated nitric acid in a microwave digestion unit (MARSXpress, CEM Corp.) as described in Attanayake et al. (2014) . A blank (trace-metal grade nitric acid), a standard reference soil (NIST 2711a-Montana II), and spiked samples were included in the analysis for QA/QC purposes. The total concentrations of Fe, Al, Mn, and S were measured using the Varian 720-ES. This method provided recoveries of 92-109% for the spiked samples. The total concentrations of As and Se were measured using the Varian 120 GTA. The absorbance signals of As and Se were enhanced by adding a palladium modifier (500 mg L 1 ). A high intensity UltrAA Se lamp was used to enhance the sensitivity and to minimize background noise. The recoveries of the 2711a-Montana soil for As and Se were 116 and 94%, respectively, and those of the spiked samples were 87 to 99% for As and 83 to 102% for Se.
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Sequential extraction procedure for As in the original soil material Extractable As concentration of the original soil material was determined by following the first two steps described in Wenzel et al. (2001) .
Step 1: 0.05 M Ammonium sulfate [(NH4)2SO4] Approximately 1 g of the original soil material was placed in a 50-mL centrifuge tube. A 25-mL aliquot of 0.05 M (NH4)2SO4 was added to it and the tube was then sealed. The mixture was shaken for 4 h and then centrifuged at 3000 rpm for 10 min. The supernatant was filtered through a chemically-inert 0.45-μm nylon syringe filter, acidified with two drops of 2% nitric acid (trace metal grade), and then stored at 4°C prior to analysis.
Step 2: 0.05 M ammonium phosphate monobasic (NH4H2PO4)
A 25-mL aliquot of 0.05 M NH4H2PO4 was added to the residual sample from step 1. The mixture was shaken for 16 h and then centrifugation and filtration procedures were performed as described in step 1. All extractions were performed in duplicate.
Extractable As concentrations in the filtered supernatant from the above two steps were determined using the Varian 120 GTA. The modifier used for the analysis was 500 mg L 1 Pd. The available As fraction was calculated as a percentage of the total measured concentration of As in the soil.
Arsenic micro-XRF mapping and micro-XANES analysis Arsenic micro-XRF mapping followed by micro-XANES was conducted at sector 13 ID-E, Geo Soil Enviro Center for Advanced Radiation Sources (GSECARS) of the Advanced Photon Source (APS) at Argonne National Laboratory, Argonne, IL. Micro-XRF maps and micro-XANES spectra were collected with a solid-state, 13-element Ge detector and a doublecrystal monochromator; Si (111) and Si (311). Prior to the analysis, soil samples were finely ground using an agate mortar and pestle in a glove box filled with N2 gas. Powdered sample was homogenously spread on a piece of scotch tape to make a thin section. Unattached soil particles were carefully removed without disturbing the surface of the thin section. The prepared thin sections were fully covered with another piece of tape before removing them from the glove box. Appropriate care was taken to minimize beam-induced changes of speciation, by collecting the data in a helium environment. The micro-XRF maps were generated over an area of 175 µm  175 µm at an energy of 12,500 eV to locate As-rich areas (i.e., hotspots) in the soil collected from untreated and Fh-treated columns. The fluorescence maps were analyzed using the software package Larch (Newville, 2013) . Arsenic hotspots (brightest points) on the micro-XRF maps were selected to collect micro-XANES spectra to get As speciation at microscale. The energy was calibrated at 11,873.3 eV using a sodium arsenate standard. Three to four scans of each hotspot were collected with an energy range of 11,760 to 12,065 eV. The step size was 2.5 eV in the pre-edge region (11,760-11,857 eV), 0.25 eV in the XANES region (11,857-11,887 eV) and 1.5 k-weight in the post-edge region (11,887-12,065 eV) with integration time of 3 s per point. Processing, aligning, smoothing, normalization and merging of collected scans were done following the standard procedures in ATHENA (Ravel and Newville, 2005) . Principal component analysis (PCA) followed by linear combination fitting (LCF) of the processed sample spectra is described below.
Arsenic and iron bulk-XANES analysis
Arsenic and Fe bulk-XANES data were collected at sector 5 BM-D of DuPontNorthwestern-Dow Collaborative Access Team (DND-CAT) of the APS. Sector 5 BM-D is a bending magnet beam line equipped with a Si (111) monochromator. Arsenic XANES data collection was accomplished using a Canberra 13-element Ge solid-state detector covered with two layers of aluminum foil (combined thickness of 100 µm) to suppress fluorescence emissions from other elements, such as Fe, in the samples (Gräfe et al., 2014) . Soil sample preparation was carried out in a glove box filled with N2 gas. A quantity (0.2-0.5 g) of frozen soil material was gently ground with an agate mortar and pestle. Sample holders were made from 2-mm-thick Plexiglas plates, and each of which had a ~ 19 mm x 6.5 mm size slit. The ground samples were packed into the sample holders and were sealed with a layer of Kapton tape (Cole Parmer, US). The prepared samples were transferred to the APS in an air-tight container (Oxoid AnaeroJar, 2.5 L) and then stored in a freezer until the analysis was performed. The samples were mounted on the sample stage facing to the beam at a 45 angle. The energy was calibrated to As K-edge energy of 11,866.7 eV using an As filter. The XANES of As-metal foil was collected simultaneously with every sample spectrum. The sample spectra were collected using a beam size of 2 mm  10 mm under a continuous flow of liquid nitrogen from an X-streamTM cryogenic crystal cooler (Rigaku company, Tokyo, Japan). X-ray absorption near-edge structure spectra of the soil samples were collected in fluorescence mode. Multiple scans (6 per sample) were collected to improve signal-to-noise ratio. The collected XANES spectra were processed using ATHENA as described in the above section.
The soil samples used for the As-bulk XANES analysis were also used to collect Fe-bulk XANES spectra. The main steps involved in this analysis, such as sample preparation and data collection procedure, are the same as those described above for the As-bulk XANES analysis. In this case as well, the detector remained covered with the two layers of aluminum foil to prevent saturation of the detector from high Fe fluorescence emission. Iron-metal foil was used to calibrate the Fe K-edge energy at 7,112 eV. Three XANES spectra per sample were collected in fluorescence mode. Principal component analysis followed by LCF of the processed sample spectra of both As and Fe is described below. Previously collected As and Fe reference spectra were used for LCF. We acknowledge the Fe K-edge XAS database http://xraysweb.lbl.gov/uxas/Databases/Overview.htm) for some Fe standards.
Principal component analysis and linear combination fitting
Principal component analysis (PCA) followed by target transformation was performed using LabView software package from beamline 10.3.2 at Advanced Light Source (Marcus et al., 2004) . The purpose of this analysis was to select the most representative standards to reconstruct the sample spectra (Beauchemin et al., 2002; Nachtegaal et al., 2005; Panfili et al., 2005; Ressler et al., 2000) . Target transformation was performed to identify the most suitable standards for LCF of the sample spectra. The number of principal components, given by the lowest NID value from the PCA, was three for As and four for Fe. The SPOIL value, which is the degree of the reference that should be changed to fit the principal components, is given by the target transformation. The standards used for LCF of As-and Fe-XANES spectra and the SPOIL values are provided in Supplemental Table S3 . The standards that yielded a SPOIL value less S5 than five were used in LCF. The standards having a SPOIL value greater than six do not represent the principal components (Beauchemin et al., 2002) . The As and Fe speciation was determined by LCF analysis in ATHENA within an energy range of −20 eV below to +30 eV above the edge. The combinatorics that had the lowest reduced χ 2 and R-factor were selected as the best fitting. Fig. S1 . X-ray diffraction pattern of laboratory-synthesized two-line ferrihydrite. 
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Supplemental tables Table S1 . Physicochemical properties of the soil material used in this investigation. 31.1 ± 1.0 Particle size (sand, silt, and clay), % 4.3, 49.1, 46.6 † Extractable As was quantified using the sequential extraction procedure of Wenzel et al. (2001) . ‡ Organic matter content was determined using the procedure of Combs and Nathan (1998) . § Average and standard error of two replicates, except for particle size. 9.11 Ferrihydrite *1.71 As(III)_ Montmorillonite *2.34 As(V)_Ferrihydrite *2.82 As(V)_Hematite *1.67 As(V)_birnessite *1.47 As(V)_Gibbsite 8.22 As(V)_Goethite *1.69 *Standards that were selected for Linear Combination Fitting (LCF). The number of principal components, given by the lowest NID value from the PCA, was three for As and four for Fe. Fh-treated Untreated Fh-treated -------------pH --------------------------pH -------------6 7.0 ± 0.1 6.8 ± 0.04 6.6 6.4 5 7.0 ± 0.1 6.8 ± 0.1 6.6 6.4 4 7.0 ± 0.1 6.7 ± 0.1 6.7 6.6 3 6.9 ± 0.2 6.9 ± 0.04 7.0 6.9 2 7.3 ± 0.1 7.2 ± 0.04 7.2 7.2 1 7.3 ± 0.0 7.3 ± 0.01 7.3 7.3 † Section 6 is at the top of the column; section 1 is at the bottom.
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